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Abstract

In this research, equilibrium of adsorption and kinetics of As(V) removal were investigated. The coal mine drainage
sludge(CMDS) was used as adsorbent. To find out the physical and chemical properties of CMDS, XRD (X-ray diffraction),
XRF (X-ray fluorescence spectrometer) analysis were carried out. The CMDS was consist of 70% of goethite and 30% of
calcite. From the results, an adsorption mechanism of As(V) with CMDS was dominated by iron oxides. Langmuir
adsorption isotherm model was fitted well more than Freundlich isotherm adsorption model. Adsorption capacities of CMDS
1 was not different with CMDS 2 on aspect of amounts of arsenic adsorbed. The maximum adsorption amount of two CMDS
were respectively 40.816, 39.682 mg/g. However, the kinetic of two CMDS was different. The kinetic was followed pseudo
second order model than pseudo first order model. Concentrations of arsenic in all segments of the polymer in CMDS 2 does
not have a constant value, but the rate was greater than the value of CMDS 1. Therefore, CMDS 2, which is containing
polymer, is more effective for adsorbent to remove As(V).
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2.1, ez
£ AT FAAR AT As(V) opHARE
FHKH>As04, 99.9%, Sigma Aldrich)E HAMAJE| 2
Helste] AMRSIgTh 2 Aol FRAR ALE
 EFY CMDSE A9Ee] i Auaig
x&7]x‘l§].u% o2 g A] WYEl= —-HX](CMDS 1)
<A 2]5l7] glsto] FemE e Aol Az
A1 Eﬁi A& o] 8JHCMDS 2). CMDS 29fl=1 g
o] CMDS & 5AJH| 2 0F 7.5%2] Ea w7} e o]
Atk CMDS 20 So13l= ESH(E Ao F)=
Table 13} o] SH8HE WL, Fig. 17} 2 B4
7 e Jung 5, 2006).

Table 1. Characteristic of polymer containing CMDS 2

Material FO4550SH
Charge Anionic
Monomer Acryl-Amide Acrylate
Molecular Weight 1.7x107
Viscosity(0.1%, cps) 85
Polymer type power

"Viscosity : Brookfield Model DV-I+ Viscometer 1 Spindle, 60rpm
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Fig. 1. Acrylamide-acrylate polymer (PHPA) qualities.
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2. MEEER| L gy

A ] As(V)= KH2AS0s, 99.9% S 0]8-50]
1 mole & Bx}gF 9 &2 112]3}o 1 L Mass Flask
20.5,1,5 10 20 mgL HE2] As(V) SN =g
w|tio} ¥ef 300 mLA ©-2 & CMDS 13} CMDS 2
2 717H0.1 g & 9o 25 C, 200 rpme] 2N A A
Bl 97| (Shaking Incubator, HK-SIL 25C) 2 WH2-A]
et

12

— —>
«— —

Fig. 2. thermo stated reciprocating shaker @ 200 strokes/
min.

AIEEL2 10, 20, 30, 40, 60, 180, 360, 540, 720,
9601} 144050 Al om, 0.45 um membrane
filter(MCE membrane filter, Advantec MFS Inc.)&
ARgBto] 2] ofzhA AT As(V) 52| Z4L 915
4] ICP-AES(Varian Vista Pro with a VGA77) & A&
itk pH = 72 37 A[A pHell tigt g2 aLeist
A QrGke). BE A 2542 ToA At =5t
XRD(X-ray diffraction), XRF((X-ray fluorescence
spectrometer) H-41-8- £3lo] CMDS 9] &¢] - 3517

AuFA] 6 2 F2HES-A] == Langmuir ¥ Freundlich
5048 018 9 TS FAwE BE FL
2jo) ofieie] grozre EaI] 34 48 A
Upeb 4 9l w3} 9 BApe] mhle e Al
8 A 15E SA AR 1a) B 5 9l
TH{Won -5, 2007). whehA] & Aol A8 F2HA|2
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7] $]3 Langmuir ¢} Freundlich 52322 28
stoict.

Langmuir 5242 (1)2} Zro] 3@ =w, S2
£ Yetll= Rkl B 0 2 A 2FdAE A
202 FsH= HHAQl HHo|thSariogly, 2005).
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Bl =2 F2Hmg/g), qm ST EEAS
ol o9l FAAS] Ho) AR vhehdch 223
b= F2HAIeH G2 Alo]ofl A Langmuir 44=0]
k. 1g 9] A]9] o] CeF Pl FallFo] 24
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AR T} B Eo] Tbrahim 5(2008)9] A+
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= GAlo| Al E)(The Pseudo second-order equation;
Ho&} Mckay, 1999)- (8)A]2 o] yehd 4= glrk
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3.1. MERBAMISSARICMDS)S] B3] - BHatR B4

HEAR S ACMDS)9] Btta] TS
alolslr] Y8l XRF(X-ray fluorescence spectrometer,
Shimadzu, XRF-1700, Japan)&A42 Adigiom, 1
A= Table 2 ¢} o] FeO; H]E©] 65%, CaO
9.66% = CMDS | A JpA|5h= A3} 9] o=
ZY7F 45.2%%} 6.9%0]|t) o] EAZAil= CMDS%}
As(V) 9] F2HHg oA AatekEo] =23 J3Fks &
the A ek,

Table 2. Physico-chemical properties of CMDS sampled

Element Major elements (%)-XRF
Si0, 3.37
ALO; 1.11
Fe,0; 65.00
Ca0 9.66
MgO 0.48
Na:0 0.15
K0 0.12
MnO 0.36
P,0s 0.04
ZnO 0.04
CuO 0.01
Cr0; 0.03
NiO 0.03
PbO 0.02
Cdo 0.01
As,0s 0.04
Loss ignition 10.53

E3F XRD(X-ray diffraction)?} reference-intensity-
ratio method (RIR method) ICDD PDF-4+ tfjo]&| 4
e 43 A3 CMDS+ 2 2 4)(a-FeOOH)
I} B A(CaCOs) 3t -2 FAMI O = o] FoiA] QL
3L, o] g Hl&-2 FAMIRZ 2F 70%2F30%E 22}
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A FKFig 2). o= Cui 5(2010)9] &ATtolA
CMDSE 43t Q= FE 4] AE 28 pHiee
7}9.56.0.% pH 9.56 o|5}o] 4] CMDS -2 oFs}
£ Wi, ®3F Hj&= pH 9.56 o]d HtofA
H,AsO4, HAsO. , AsO,” &Ej9] 24812 17| nj &
of F2kgo] Z dojd==7} Qlck

S, CMDS 9] S48 5 Wl dol A 828 U
o] 20| HARAZHCas(AsOs)) FEQ] FHHAUZS
= 7He Ao ® A S (James, 1999) & ¢15to]|
A= CMDS €] 2J5F As(V)SAEA B W5 ert A
Tk

300
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Position [*2Theta]

Fig. 3. XRD of CMDS [goethite(ll), calcite([]), overlapped
by goethite and calcite(@).

3.2 S2E& Ad

As(V) £} CMDS 9] 5252} 419 A3M=Fig. 39
UERHITE S2HA] CMDS 2} A4t 2] As(V) st
205, 1,5, 10, 20 mg/LZ 3}o] 48A|7F BESA]7] &
CMDS 13} CMDS 2 of] Z-2}5] 0] 40] T2 v 1
31 A3} 3t 16.503 mg/g, 16.479 mg/g O & 2 o]
£ YRR ekt

A (DI (HE ©]&-3Fo] Langmuir 5252147}
Freundlich 552141 9] parameterE -3+ 235
Table 3] YR Itk = mElo] AurA4R?) <] 3
TS Langmuir 222 0.987, Freundlich 22 0.8643
© 2 Langmuir o] B & Z& AT 4 U3

th. o]t CMDS ] 5 §2hrto] £ 7} 2 84 (goethite:
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Fig. 4. Adsorption amount of As(V) on CMDS.

FeO(OH))o| Aujdo|mg ] ThtAl3-o] &kt
A& 7Hd%t Langmuir 29| 7|27 o Z-Adsich
5, AeihileS 2 R(CMDS)9F As(V) 9] ¥H3-2
IH= Langmuir 5232 g o] 2-85H= Zlo] ©f 2
eReich oigkge] =S UEhll= Langmuir
Tegzndo] ¢, > CMDS 194 40.816,
CMDS 29]|4 39.6822] A3}t=2 & Z£=9] CMDSo||A]
E ThE 2ol & HolA] g3kt RPH Freundlich 52
AR F&se AI7IE U= Ke gkl
CMDS 19]|4 1.2411, CMDS 20J4] 1.2918 = CMDS
204 thar =2 ATE H Yo

o] A5 & AT} FARRE SFRAIR] ST L
9} As(V)S 0]83F Oh 5(2010)2] ¥e} CMDS |
I} vk Aaf, w32 ol thaxatol 7t QIIAIRE gm
72 0.3760, Kr 3F2 0.1797= CMDS 12] &K}
AASHA RSk} Langmuir 5-2419] |t F2Fg<l
Im & 2 F2H59 Al71E 7hsdke Freundlich 52
A19] Ky gk H5 CMDS 10] =3tt}. A7&e 1o 4
&g eFo] 38% Hr} CMDS2] & sh=eFo] 45.2% H
o} AdrfEor wr] wiFolgtal AbREch $HH,
As(V)E AlATH] f1o1 E2HE 713 HFOE &
A 2 ARE-3} Vatutsina $(2007)2] 23S CMDS 2
|13t AY} 27] qm gHo] 75.75 = CMDS 25t} =
AVgic}. o]l= HFOo| o] 2u3kAE 1.29%(1.4
mmol Fe/g polymer) 50]3+= Z2|H(FIBAN)2]
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Table 3. Langmuir and Freundlich adsorption isotherms's parameter
Langmuir adsorption isotherm Freundlich adsorption isotherm
(max b 1{2 Kf n R2
CMDS 1/As(V) 40.816 1.929 0.9889 1.2411 2.8 0.7536
Oh et al.(2010) 0.3760 1.0306 0.9775 0.1797 0.3675 0.9940
CMDS 2/As(V) 39.682 2.709 0.9885 1.2918 2.5 0.9732
Vatutsina(2007) 75.75 3.23 - - - -

& o2 Attt

33. SHEL oy
T 279 Z2A CMDS 13} CMDS 29| Z2k&
I g gk vlasly] §istol AR R AL

o)A FR A AlS ARSI T AT Table 4 ©of LFERY
Atk CMDS 2} As(V) o] Z2HES-2- 24 A|7to] x|k,
Al As(V)'s=7F0.5 2 1 mgL A= 7 F79
CMDS 5 1 A7k ) 4h-g-0] R E|Q)ct Fig. 5%
Atz dlal g ajo|xpmEle CMDS 19 A-8-X]71
20|31, Fig. 62 frAtUdal WAt fA A d
CMDS 2°f Z-gA171 AuRIH| 5 mg/L 7|02 Bk
LL/TE 2 £07 Folu= A 07 SoIgh 4= it
3T -FAFIA R ElO] A Al4=2] Hatglo] 0.97822 =,
FrAtol A O] A A=) Ht g}l 0.99365 Kt
A ek As(V) £} S2HAQ1 CMDS Atol 9] 5252k

5].0 o 5)-=]
APE Gl S A gAY Hol o At
Sk 2~
g4 Qe
2
1)
g%
&
g' -1 ® 05mg/lL
- O  1mg/lL
v 5mg/lL
[0} A 10 mg/L
2 20 mg/L
— Trend line
o
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t/qt

T mdlo] HhgL Ak Oh 5{(2010)2] A4
et fARHA 271s=7t S7Ftel wet st
FAE BT fFAFI AR E o] A &) CMDS 29] &=
AF4=0] 2k As(V)7} 0.5 mg/L o|A] CMDS 13} H]
ko] 26l o} Apol7h v, AL RE Aol A=
3.7 vff o Atol7F et As(V) 9] 57k 1 mg/L o
= FAFSRRR A 4.79 1l APl o)A
33.5 Hlj o4} 2po|7} k. Wb, Bla FTF Skt
TE SO Fho] BE st A o' n|Ro]
Hol As(V) k=0 T2 2% CMDS =2 %
o ek S As(V)9] HdiEARRS AR,
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Heled, o= XW& A 7] B, FAIEA

o A £A 2 el

\__ e}
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Fig. 5. Pseudo-first-order kinetics and pseudo-second-order kinetics for As(V) sorption on coal mine drainage sludge(CMDS

1)at25 C.
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Fig. 6. Pseudo-first-order kinetics and pseudo-second-order kinetics for As(V) sorption on coal mine drainage sludge(CMDS

2)at25 C.

Table 4. Langmuir and Freundlich adsorption isotherms's parameter

Pseudo-first-order model

Pseudo-second-order model

As(V) k; (mg/g - min) R’ k>(g/mg - min) R’
0.5 mg/L 0.05527 0.9968 0.152721 0.9999
1 mg/L 0.02096 0.9567 0.007123 0.9965
CMDS 1
5 mg/L 0.00484 0.9895 0.000624 0.9930
10 mg/L 0.00507 0.9860 0.000452 0.9931
0.5 mg/L 0.11077 0.9500 0.5741724 1.0000
1 mg/L 0.10041 0.9964 0.2387979 1.0000
CMDS 2
5 mg/L 0.00484 0.9900 0.0007442 0.9939
10 mg/L 0.00484 0.9778 0.0005347 0.9933
1.42 mg/L 0.0115 - 0.2717 -
Oh et al. 2.36 mg/L 0.0056 - 0.0590 -
(2010) 4.17 mg/L 0.0055 - 0.0377 -
6.14 mg/L 0.0052 - 0.0288 -

4. 2 E SR ol A HAkelEo] 2] uj e
o o o Epfich. E3FCMDS 12 242 A& A dx
oo A —E— As(V) AAES &5 = 7 - -

TS A FIAS SISl EEA L) spgetotn, omps 2k Beloig Zelstol @
AebdibillS2A(CMDS )eF 29159 Q= P A= S1ed o o o
= AX EYAIE ARESES ™ CMDSef| 7A Hl&

HehljA(CMDS 28 ARgstelth. CMDSeh

ASV)®] BHEAS SLEANY 2

a

1|

A5 zknd

2 243597, XRD, XRF £3] CMDS 2| &4 - 3}
a2 B PR A T3 2L ARS 5T
>~
e

1) CMDSE &

2] 2] A
A

2=

(a-FeOOH)¥} w34

27.5%9] Zejui7} ggE Qe
2) CMDS$} As(V) 5253

A1 AT} Langmuir

&g A Eo] Freundlich MR o 23t

CMDS 13} CMDS 29|

STk

SRt

H]2s0] Qe 2 Afo]7h

AL 7 med o] AebAl o] Ftg)> Langmuir X

o=
(CaCOs) o= A= o UL 4 BlE2 FAH=
oF70% 9} 30% o]glt). o] Aik= As(V)2} CMDS )

doj|A] 0.987, Freundlich T2lojA] 0.8643 o=

Langmuir 28] o] %-& 512 SH13H 5= 9Igick.
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